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Bicyclic polyethers, also known as bis-crown ether,
have been synthesized bysimple Williamson reactions'with
different crown moieties, .i. e. benzo-12-crown-4, benzo-15-
crown-5 and benzo- 18-crown-6, and different length of
bridge between two crown moieties i.e. ----OCH2CH2
n=, 0-3. The sandwich type crown separated ion pair complex
of the alkali metal picrate salt with absorption maximum
at 378 nm is formed if, the diameter of alkali metal cation
is larger than that of the crown cavities. Normal type
crown-complexed tight ion pair complex is formed if the
diameter of cation is smaller than or comparable with that
of the crown cavities o For alkali metal cations that form
sandwich type complexes with bis-crown ethers, the extrac-
tion equilibrium constants from aqueous phase into organic
phase by bis-crown ethers are much larger than those of the
corresponding monomeric crown ethers, about 10-100 times
larger, but for those forming normal type crown-complexed
tight ion pair complexes with. bis-crown ethers the
extraction equilibrium constants are slightly smaller
than those of the corresponding monomeric species. The-
length of the bridge between two crown moieties also
affects the complexability of the bis-crown ether. Both
the number of oxygen atoms in the bridge and the rigidity
3of the bis-crown ether skeleton can control the extrac-
tion equilibrium constant. The high selectivity which
exists originally in the monomeric crown ether is reduced
after the formation of bis-crown ethers, owing to the
capabilities of bis-crown ethers to transfer alkali
metal. cations through two different types of ion pairs
complexes. A. significant result found-in this study
is, that bis=benzo-15-crown-5 series are good for
potassium cation and bis-benzo-18-crown-6 series are good
for cesium cation in the formation of sandwich type
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Since the publication of Co J. Pedersen in 1967 a1
cyclic polyethers, also known as crown ethers,' have
become one of the important families in organic compounds,
which are able to form stable complexes with alkali,
alkaline earth t, transition 2'3 and lanthanide metal 'ions 49
596 In the past decade, a lot of efforts have been
made on the synthesis of different types of crown ethers
79829910 and the investigations of complexation phenomena
11,12,13 as well as their possible applications The
title 'crown ether chemistry' has become one of the
important fields in chemistry.
Crown ethers, as a family, can be characterized by
having different number of -OCH2CH2- repeating units
linked together in a macrocyclic ring. The number can
be varied from three to tent. However, only those with
five and six oxygen atoms in the ring have attracted
most of the chemists' attention. The simplest crown
ether, structural-wise but not its chemistry, which is
widely used nowadays, is 1,4,7,10,13,16-hexaoxacyclo-
octadecane (I), also known as 18-crown-6 in Pedersen's
nomenclature system 1. Different substitutions on the
ethylene unit in the ring raise different families of
macrocyclic crown ethers. The most important ones are
dicyclohexy'l-18-crown-6 (II) and dibenzo-18-crown-6 (III)
2in which two of the ethylene units are the residues of
cyclohexane and benzene respectively.
After extensive studies of complexation phenomena
between these monocyclic crown ethers and metal cations,
a new class of crown ethers bicyclic crown ethers,
having two macrocyclic rings in a molecule, which was





certain metal ions than their monocyclic counterparts,
has been postulated and later successfully synthesized.
These crown ethers can be further divided into two
different groups. The first group, known as cryptands
is characterized by having at least two atoms shaired
by twQ macrocyclic polyether rings. A typical example
of this group can be represented by (2,2,2)-cryptand (V) 9.
The second group, known as bis-crown ethers, is construc-
ted by having a bridge linking two monocyclic crown moiet-
ies together, as shown by 1, 5-bis- (3', 4' -(1, 4, 7 ,10 ,13-
pentaoxacyclopentadeca-2-ene)-phenylcarboxy)-3-oxapentane
(VI)155160
Polymers with pendant crown ether moieties along the
polymer chain, known as polyvinyl crown ethers, are
another type of crown ethers. For example, one of them,
known as poly vinylbenzo-15-crown-5 (VII ),shows superior
0 Cl-I CI-I OCH Cl-I oc




complexing ability toward potassium ion than the correspond-
ing monocyclic analog17,18.
The synthesis of these cryptands and poly vinyicrown
ethers involves quite a lot of steps and the overall yield
is always rather low. Bis-crown ether type with ester
functional group linkage can be synthesized easily with
high yield. However, due to the presence of the ester
functional group which may hydrolyze in strong basic media,
the application of these bis-crown ethers, such as for
phase transfer reagents or catalysts in anion activation
reactions, would be severly limited. The object of this
study was to look for a relatively simple laboratory
pathway to produce bis-crown ethers with good complexing
ability and high selectivity toward alkali metal ions and,
at the same time, be stable under strong basic conditions.
Bis-crown ethers with only ether functional group would




5In this study, -a series of bis-crown ethers with
12-crown-4, 15-crown-5, or 18-crown-6 moieties linked
together through ethylene glycol repeating units of
different lengths have been synthesized. A comparison
of their complexing abilities and selectivities toward
different alkali metal ions, using solvent extraction
from aqueous phase to organic phase as a probe, have also
been included in this study.
6II. Literature Survey
Despite the fact that cyclic polyethers were first
reported in 193719, systematic investigations of their
synthesis, complexation capabilities and potential appli-
cations have only been started after Pedersen's publicat-
ion in 19671a. The cyclic polyethers with the repeating
units of -OCH2CH2- are mainly synthesized from aromatic
vicinal diols and the dichloride of aliphatic polyethylene
glycol. The sizes of the ether rings consist of 9 to 60
atoms in which the number of oxygen atoms are varied
from 3 to 20. Usually these cyclic polyethers can form
stable complexes with metal cations2'314,596 and some
neutral molecules, such as bromine20 and ace tonitrile2l
Some of these complexes are quite stable and can be isola-
ted in crystalline form. The surprising selectivity of
crown ethers and the stability of their complexes have
motivated some organic chemists to investigate some new
synthetic pathways to obtain different types of polycyclic
ethers.
Based on ligand topology, Lehn has pointed out that
different complexing agents can be deduced from linear
to spherical ligands with different number of edges
(lines) and vertices (points-Z) as shown in figure I22.
The acyclic types A, B and C can form chelated type of
Ligands containingcomplexes with metal ions.
7
closed cavities, e.g. D (two dimensional cavity) and G,
r. J (three dimensional cavities), may form inclusion
complexes. In the case of ligands E,.F and H, the
cryptand/chelate nature of the complexes would depend on
whether the cation is located between a branch and a ring
or between two rings or included inside a ring.
Acyclic types of polyethers such as the polyethylene
glycol dimethyl ether, also known as glymes with a general
Acyclic Moncyclic Bicyclic
Tricyclic
Figure I. Ligand topology of possible types of ligands
(A) (D)
(B) (E) (G) (I)
(C) (F) (H) (J)
8
formula CH3--4--OCH2CH.2 nOCH3, have been found to be good
complexing agents for alkali metal ions. The complexat-
ion abilities depend on the number of repeating units in
the chain. A complete series of this family with repeat-
ing unit from two to seven have been synthesized and
their application in complexation toward alkali metal ions
and anion activation reactions have been documented 23'24
The chemistry of monocyclic polyethers in the form
of D in Figure I have been widely and extensively
studied since 1967. The number of repeating units,
-OCH2CH2-, in the ring can be varied from three to ten
and the oxygen atoms act as coordination sites for the
metal cations. The most common polycyclic ethers contain
a- total of- 15' or 18 atoms.-in-the ring with 5 or 6 oxygen
atoms, respectively. For example, 1,4,7,10,13-
pentaoxacyclopentadecane (VIII) and 1,4,7,10,13,16-hexa-
oxacyclooctadecane (I) are the major cyclic polyether
moieties of the families. Because the IUPAC nomenclature
system for these compounds is too cumbersome, for repeat-
ed uses, an abbreviated naming system for these compounds
has been developed by PedersenI and, later on, widely
accepted by organic chemists. Compound (VIII) and (I)
are named .15-crown-5 and 18-crown-6 respectively, in
which the number before 'crown' represents the number of
atoms in the ring while the number after 'crown' is the
9
number'of oxygen atoms in the ring. The word 'crown'
represents the structural crown like appearance of this
kind of compounds when one looks sideway on the three
dimensional model of the cyclic polyether. Because of
these, the polycyclic ethers are also called 'crown
ethers'.
viii
Different substitutions on the ethylene unit compose
the whole families of-the monocyclic crown ethers.- Di-
cyclohexyl-18-crown-6 (II), dibenzo-18-crown-6 (III),
benzo-18-crown-6 (IV) and benzo-15-crown-5 are among the
most widely used.
Substitutents on dibenzo-18-crown-6 lead to the
formation of chiral crown ethers. Compound (IX) and (X)
have already been synthesized and used as a circular
dichroic (C. D.) chromophore in a study of crown complex-
ed alkali and alkaline earth cations14. Some of these
chiral crown ethers exhibit enantiomeric differentia-
tion in complexation equil'ibra toward some chiral ammonium
10
salts and be responsible for the stereoselectivity toward
some particular chiral substances in reactions 25,26
For example, substitutients other than benzo, such as
binaphthyl, have also been incorporated into crown ether
moieties Coproduce chiral dibinaphthyl-22-crown-6 (SS-form)
which. was found to be able to partially resolve racemics
of phenethylamine into their enantiomeric forms27.
IX
X
Incorporating the nitrogen or sulfur atom into the
crown ether would decrease the complexation power of the
crown ether toward alkali metal ions, but increase the
complexation power toward heavy metal ions, such as
silver, lead as well as many transition metal ions28.
The readily donatable electrons of these heteroatoms reduce
the electrostatic interaction between the site atoms and
metal cation, which is the main effect in alkali metal
ion crown ether complexes,. on. the other hand, they enhance
11
the formation of covalent bonds or covalent dative bonds
between the central ion and the binding site atoms,
which is the dominant-factor in heavy metal ion crown
ether complexes. The replacement by nitrogen atom may
introduce an extra hydrogen atom at the binding site,
which may increase the steric hinderance during complex-
ation.
Bicyclic polyethers, in the form of v in rigure i
known as cryptand family, have been successfully synthesiz-
ed by Lehn and coworkers9. The most widely used one is
the (2,2,2) -cryptand M.. So far, their complexation
power toward alkali and alkaline earth metal ions is
much better than for monocyclic crown ethers. Unfortunate-
ly, their preparations are quite complicated and difficult,
and. the overall. yields are low. These disadvantages
would hinder their applications..
Another bicyclic crown ether, belonging to the H type
in Figure I, has. also been synthesized and reported to
form stable complexes\with potassium ion. For example,
1, 5-bis- (3' ,4'-(1", 4", 7", 10", 13"-pentaoxacyclopentadeca-
2 -ene) -phenyl-carboxy) -3-oxapentane (VI-) was found to form
stable complexes with potassium picrate-in tetrahydrofuran
15 Base on uv-visible spectroscopic evidences, the
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potassium ion is situated in between two 15-crown-5
moieties, forming sandwich type complexes.
Tricyclic polyethers of type J in Figure I has also
been synthesized. For example, the condensation product
(XI) from two molecules of macrobicyclic diamine
HN(CH2CH2OCH2CH2)2NH and two molecules of diglycolic
dichloride was found to form stable complexes with
sodium, potassium as well as silver ion in both water
and methanol as solvents29. However, its complexation
power toward alkali metal ions is much weaker than
[2.2.2]-cryptand and comparable with that of
monocyclic crown ethers
XI
Polymers with crown ether moieties as pendants-
groups along the chain-have been synthesized17918. There
are two types of polymers containing crown ether moieties.
The first type is the homopolymers made from- vinylbenzo-
18-crown-6 or vinylbenzo-15-crown-5 through radical or
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anionic polymerization. The second type is the copolymer!
of the vinyl crown ethers with styrene, and the relative
molar ratio of the crown unit to the styrene in the co-
polymer chain can be varied between 0 and 00. The poly-
mer with benzo-15-crown-5 moiety was found to form more
stable complexes with potassium ion than the monomeric
counter part. The complexation power toward potassium ion,
can be further enhanced if the benzo-15-crown-5 unit is
copolymerized with styrene. The highest complexation
.ability was found to be a copolymer containing 20 mole
percent of crown units, i.e., the vinylbenzo-15-crown-5
is separated,on the average, by four styrene units. co-
polymers with benzo-18-crown-6 moieties show complexation
power toward alkali metal ions similar to that of the
30
monomeric benzo-18-corwn-6
The types of complexes involving crown ethers were,
at the beginning, limited to electrostatic complexes with
metal ions. Later, many different forms of complexes
were-discovered and classified into several cataloques,
namely, 1) electrostatic complexes with metal ions, and
2) molecular complexes, including hydrogen bonding
complexes with ammonium ion and hydronium ion31, izsert-
3
ion complexes with diazonium salts 2, inclusion complex
14
with dimethyl acetylene dicarboxylate14 and complexes
with thiourea 33, acetonitrile21, bromine 20 etc..
There are many factors that affect the stabilities
of the crown ether-metal ion complexes.
1) The relative size of cations and the size of
crown cavities.
In the case of formation of 1:1 crown ether
metal ion complexes, such as dibenzo-18-crown-6 with
potassium salt, the metal ion is located at-the center
of the crown ether cavity. Therefore, the relative size.
of the metal ion and the crown ether cavity is the im-
portant factor affecting the complex formation. Those
cations whose sizes are comparable with the size of the
cavity in the crown ether ring can form stable 1:1
complexes 3. For example, lithium ion with an ionic di-
ameter of 1.25 forms a stable complex with dibenzo-14-
crown-4 whose cavity diameter is 1.2 to 1.5 R. Sodium
ion with an ionic diameter of 1.9 R forms a stable complex
with benzo-15-crown-5, the diameter-of its' cavity being
1.7-2.2 R. A similar 1:1 complex is found for potassium
ion and benzo-18-crown-6, with diameter of the cavity and
the size of the ion being 2.6-3.2 R. Besides the 1:1
complexes, 2:1 complexes may form between crown ethers whose
cavities are smaller than the diameters of the metal ions.
For example, excess benzo-15-crown-5 forms a 2:1 sandwich
15
type complex with potassium ion, the ion being located in
between the two benzo-15-crown-5 moieties
2) The number of binding sites.
During the formation of the complexes, the
solvent molecules bound to the cations must, at least
partially, be replaced by crown ethers. In order to over-
come. the enthalpy effect due to the• desolvation process,
the number of binding sites in the crown ether should be
comparable with the solvation number that th.e cation prefers.
An increase in binding sites may facilitate the formation
of the stable complexes. It is also important to realize,
that a crown ether with more than enough binding sites can
destabilize a complex by inter-binding site repulsion.
For example, potassium cation forms a less stable complex
with dibenzo-24-crown-8 than with dibenzo-18-crown-61.
3) The relative location or arrangement of the
binding sites in the crown ether cavity.
It appears that the better the crown ether
can envelope the cation and replace the solvent coordina-
tion shell, the higher the stability of the complex. For
example the (2,2,2)_cryptand forms a complex. with potassium
ion that is more stable than any other complex of K+ with
crown ethers. It is because the cryptand can envelope
the cation and form a three dimensional complex with
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the metal ion located at the center of the spherical
cavity. In this case, the metal ion cannot easily leave
the cavity. Two dimensional crown ethers with coplanar
and symmetrical arrangement of the binding sites along
the crown ether ring. can form more stable complexes o
Generally, both the two or three dimensional crown ethers
with. the CH2CH2O-)- unit linkage 'is the optimum bin-
ding site arrangement. Replacement by methylene linkage
-CH20--or propylene linkage--CH2CH2CH2O- decreases
.the'complexation power of the crown ethers3. For example,
the (2,2,2)-cryptand has higher complexability than the
three dimensional crown ether with bridgehead carbon atoms,
since the existence of the bridgehead carbon atoms of the
later comoound must introduce a OCH,CH--CH.)O_- linkage
`CH2
0
which contains a propylene residue'.
4) The basicity of the binding sites.
The higher the basicity of the binding sites,
the more readily the electrons in the heteroatoms are
donated to the cation and the more stable the complex.
Crown ethers with skeletons containing only aliphatic
carbon atoms have higher basicities than those containing
aromatic carbon atoms. For example, dicyclohexyl-18-
crown-6 has a higher complexation ability than dibenzo-
118-crown-6 does. An extreme case has been reported in
17
which a crown ether containing a skeleton of only aromatic
carbon atoms shows no complexing ability toward alkali
metal cations34.
5) Conformation of the crown ether.
During the complexation, the conformation
of the free crown ether may change in order to obtain a
better interaction between the cation and the binding
sites. If the steric hindrance in the crown ether ring
prevents such conformational changes or if' a large energy
is required for such changes, a decrease in the stability
of the complex is expected 22
6) Solvent and counter ion effect.
Factors from the environment such as the
solvent molecule and the counter ion *can also affect the
complexation constant between crown ether and metal ion.
In general, the complexation constant of a certain crown
ether.toward an alkali metal ion decreases as the polarity
of the solvent increases. This is due to the desolvation
of the metal ion during the formation of crown ether-metal
ion complexes. For more polar solvents, the desolvation
energy is larger and this reduces the overall enthalpy
of the complexation process. Examples of this sort have
been established as in the case of the complexation
between dimethyldibenzo-18-crown-6 and sodium fluorenyl
35
or potassium fluorenyl. In tetrahydrofuran, both sodium
18
fluorenyl and potassium fluorenyl are tight ion pairs.
This means the interaction between the metal ion and solvent
molecules is weak. But the sodium cation has larger
charge to radius ratio and this makes the complexation
constant between sodium fluorenyl and crown ether higher
than that.between potassium fluorenyl and the corresponding
crown ether. However, in oxetane, a solvent with a higher
donicity number than tetrahydrofuran, sodium fluorenyl
forms a loose ion pair. This implies that the interaction
between the metal ion and solvent. molecules is strong.
Therefore, the complexation constant of potassium
fluorenyl in oxetane. is higher than that of sodium
fluorenyl
Concerning the counter ions, it is well known that
the alkali metal ions together with their counter anions
ion pairs in low dielectric constant solvents36exist as
in most instances the distance between the cation and
anion in the ion pair will increase during complexation.
This change. is refered to as a transformation from a
tight ion pair into a loose ion pair. The.separation of
two oppositely charged ions results in lowering the over-
all complexation enthalpy. Those ion pairs which are
already in the form of loose ion pairs before complexes
formation will require less energy in the separation of
19
charges during the same process. Therefore, one would
expect that based on enthalpy considerations a loose ion
pair or a free cation will yield higher complexation
constants. This phenomenon can be illustrated by the
larger complexation constant between dibenzo-18-crown-6
and sodium tetraphenyl boron, which in tetrahydrofuran
at 25°C is a loose ion pair, as compared to that between
the same crown ether and fluorenyl sodium, which
under the same conditions is tight ion pair 35.
High stability of the complexes is generally desir-
able, but it does not necessarily imply high selectivity.
Generally the factors that affect the stabilities of
complexes between crown ethers and different cations are
also the factors that influence the selectivity of the
corresponding crown ether toward different metal cations.
High rigidity of the crown ether with suitable arrangement
of binding sites can display the best overall selectivity.
This is because the rigid sturcture can discriminate against
cations which are either smaller or larger than the optimal
size. (peak selectivity) The best selectivity, so far,
are demonstrated by the bicyclic crown ethers of type G
in Figure I. For the two dimensional crown ethers, intro-
duction of the benzene ring residue may increase the
20
rigidity of the crown moiety and consquently give better-
selectivity. A crown, ether with high flexibility can
wrap around the cation by changing the conformation with
little energy consumption. For smaller cations, the
crown cavity will tend to contract and.this may'lead to
marked intra-sites repulsions, and comparatively unstable
complexes. For the larger cations, only a small enlarge-
ment of the crown ether cavity is required to wrap around
the cations. This type of crown ethers can only discrimin-22
ate against smaller cations. (plateau selectivity)
The synthetic methods of different types of crown
ethers have been reported by Pedersen1. The remarkably
high yield of the large ring crown compounds can be
explained by the template effect of the cation toward the
binding sites of the reactants. This type of synthesis,
termed templated synthesis is, in general, carried out
under high dilution condition to suppress the probability
of polymerization. The template effect of added cations
on the rate of formation of benzo-18-crown-6- was reported 37
The rate of cyclization by different cations was found
to obey first-order kinetics and the order of the catalytic
efficiencies of the cations was found to be
21
Figure II. Template effect of cation in the synthesis
of crown ethers.
Due to the unfavourable binding constant of Kt and
Na+ relative to Ba++ and Sr++, higher cation concentrations
are required if K+ or Na+ is employed as template.
Besides the Williamson synthesis, only a few methods
of synthesis of crown ethers have been reported9a 38, 39
However, these types of methods can only be used to
synthesize some special crown ethers and cannot be used
as a general synthetic pathway.
Crown ethers and related compounds, which have been
utilized extensively in organic synthesis in recent years.
can be considered as catalysts in anion activition reac-
tions. In homogeneous reactions, the crown ether can
solvate the cationic portion of the salt and afford a
separation of ion pairs in organic solvent. This can
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facilitate the anion to interact more efficiently with
the environment, resulting in an increase in the reactivity
of the anion in terms of its nucleophilicity and basicity.
Reactions that have been reported to be catalyzed by crown
ethers include oxidation 40 and reduction 41 esterification 42
decarboxylation43944945, condensation 46 metallation47
generation of diazomethane48 and carbenoid49, preparation
of olef in50 anionic polymerization of butadiene51etc..
In a heterogeneous reaction system, for example,
the metal.salt is usually present in the aqueous layer
and the substrate in the organic layer. The crown ether
can act as phase transfer reagent to transfer the metal
ion, together with the corresponding anion in the form
of the more lipophilic crown ether ion pair complex into
the organic layer to react with the substrate. An example
of this type of reaction has been reported in the esteri-
f ication of acid salt and alkyl halide52. Moreover, the
presence of crown ethers can facilitate the dissolvation
of certain alkali metal salts, which themselves cannot
dissolve in organic solvents,' by formation of crown ether
complexes. Compared with the conventional phase transfer
reagents, for example the quaternary ammonium salts 5 3 9 54,
only the crown ethers can act as phase transfer reagents
for the solid-liquid system55. This can be attributed to
the specific DroDerties of crown ethers, namely their two
23
dimensional structure and electric neutrality14. When the
crown ethers approach a crystal lattice they can pull away
.the cation from the lattice by forming complexes. At the
same time, the anions simply accompany the cation complex-
es in the form of ion pairs and enter the solution. In
the case of quaternary salts,' the positive nitrogen atom
is sterically shielded by hydrocarbon residues and, there-
fore, cannot approach the lattice to pull out the anions*
For example, potassium acetate can be dissolved in benzene
up to 0.8.M in the presence of 1.0 M 18-crown-656
Besides the application of crown ethers in chemical
reactions as mentioned before,othey can also serve as ion
transport carriers through membranes57. Benzo-18-crown-6
and their polymers have been reported to be selective for
transporting potassium ion through liquid membranes in
mixtures of sodium and potassium salts30. Some crown
ethers, especially the bis-crown ethers are very useful
in ionic selective electrodes 58116 because of their high
selectivities toward certain metal ions.
In separation of some. heavy metal ions e.g. transit-
ion metals and lanthanide metals, by solvent-solvent
extractions or by formation of complexes of different
solubilities, crown ethers can play the role of a selective
24
complexing agent. High degrees of separation for certain





1. Nuclear Magnetic Resonance Spectroscopy
The nuclear magnetic resonance spectra were
obtained by using a JEOL 60-HL spectrometer with the
samples dissolved in deuterated chloroform containing
1% tetramethylsilane as internal standard.
2. Infrared Spectroscopy
The infrared spectra were obtained by using
a Perkin Elmer-283 spectrometer and only significant
maxima were reported.
3. Ultraviolet-visible Spectroscopy
The ultraviolet-visible spectra scanning
between 340 nm and 450 nm were obtained by using a
Hitachi-323 spectrometer.
4. Mass Spectroscopy
The mass spectra were obtained by using a
VG-7070F spectrometer with electron beam energy at 10 ev.
5. Elemental Analysis
Elemental analysis of the solid products were
preformed by the Australian Microanalytical Service
Melbourne.
26
Be Purification of Materials:
Sovents and liquids were of commerical grade
and distilled prior use.
C. Synthesis:
1. 1, i-bis- (3', 4' (1 14117 7 ,10-tetraoxacyclododeca-
2-ene) -benzyl) -1, 4, 7-trioxaheptane (bis-3-benzo-
12 -crown-4) and 1,10-bi s- (3 4'- (1", 4", 7",10"-
tetraoxacyclododeca--2-ene) -benzyl) -1, 4, 7,10-
tetraoxadecane (bis-4-benzo-12-crown-4).
a) 4-methyl-(1', 4', 7', 10' -tetraoxacyclododeca-2' -ene)-
benzene (4'-methyl-benzo-12-crown-4)
Into a 250 ml, 3-neck, round bottom flask
equipped with reflux condenser, dropping funnel and
magnetic stirring bar, 70 ml of dimethyl sulfoxide (E .Merck)
and 10.0 gm (0.25 mole) of granulated sodium hydroxide (E.
Merck) were added. After stirring for 5-10 minutes,
24.6 gm (0.23 mole) of anhydrous lithium perchlorate
(Fluka) was added in one portion. The mixture attained
a milky appearance and warmed to approximately 60°C
after being stirred for 10 minutes. At that time, the
milky solution became very viscous. In some cases, ad-
ditional dimethyl sulfoxide was needed to reduce the
viscosity. A solution of 12.4 gm (0.1 mole) of homo-
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catechol (3,4-dihydroxy-toluene, Tokyo Chemicals) in 15 ml
dimethyl sulfoxide was added to the flask and the result.
ing mixture was stirred at room temperature for 15 minutes.
A solution of 18.7 gm (0.10 mole) of 1,8-dichloro-3,6-di-
oxaoctane (Tokyo Chemicals) in 15 ml dimethyl sulfoxide
was then added in a thin stream from a dropping funnel.
The system was heated at 110°C for 22-30 hours with stir-
ring. After the reaction was completed, the solution
was cooled, filtered and the filtrate was added to 500 ml
of distilled water. The aqueous solution was extracted
with four 200 ml aliquots of chloroform. The combined
extracts were dried by anhydrous magnesium sulfate which
eventually was filtered off, After the removal of chloro-
form from the dried extracts by rotary evaporator, a dark-
brown oily product was obtained. The oily produc.t was
then extracted continuously with n-heptane at 60°C for
3-4 hours by using a liquid continuous extractor. Then
the n-heptane was removed by rotary evaporator and color-
less oily substance was obtained. This oily substance
was subjected to column chromatographic separation on
active, neutral 170 gm aluminum oxide (E.Merck)with di-
ethyl ether as eluent. 360 ml diethyl ether was used to
elute the column and 4' -methyl-benzo-12-crown-4 was obtain-
ed in oily form after the removal of diethyl ether. The
oily product eventually solidified upon standing in
28
freezer for a few days. 3.57 gm of pure 4' -methyl-benzo-
12-crown-4, with m.p. 46-48°C was obtained by recrystal-
lization from n-heptane. The overall. yield was found to
be 15%..
nmr (CDC13) 6, ppm: 2.24 s 3H methylenic H, -CH3
3.90 m 12H. ethylenic H, -CH2-
6.80 d 3H aromatic H, -CH-
it (NaCl dise, neat 1 cm1: 1240, 1138, 1060
(-COC- stretching)
mass snect. (m/e): 238 (M+), 161 (M+-77)
b) 3', 4'- (1",4"7",10"-tetraoxacyclodeca-2"-ene)-
benzyl bromide (4'-bromo-methyl-benzo-12-crown-4)
Into a 250 ml round bottom flask equipped
with reflux condenser, outlet tube and magnetic bar,
3.85 gm (1.62 X 10 2 mole) of 4' -methyl-benzo-12-crown-4
and 75 ml phosphorus (V) oxide dried carbon tetrachloride
were added. The solution was stirred under nitrogen
atmosphere for 5 minutes and 2.88 gm (1.62.X 10 2 mole)
of N-bromosuccinimide (E.Merck) was added in one portion.
The solution was continuously stirred for another 5 minutes.
The reaction flask was put into a 90°C oil bath and a 500-W
tungsten lamp was turned on. After the reddish brown colour
disappeared, the reaction was completed. The solvent
was removed.by rotary evaporator at room temperature.
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The oily substance was extracted with 170 ml n-heptane
at 50-60°C and the resulting solution was left for
crystallization. 3.6 gm of white flaky crystal with
m.p. 83-85°C was obtained, the overall yield was found
to be 70%.
nmr (CDC13) S, ppm: 3.90 m 12H ethylenic H, -CH3
4.42 s 2H benzylic H, Ph-CH2-
6.94 m 3H aromatic H, -CH-
it (KBr) cm 1524, 1270, 1130, -lUbZ
c) 1,7-bis-(3',4'-(1",4",7",10"-tetraoxacyclododeca-
2-ene) -benzyl)-1, 4, 7--trioxaheptane (bis-3-
benzo-12-crown-4)
Into a 50 ml 2-neck round bottom flask,
equipped with a ref lux condenser, a dropping funnel and
a magnetic bar, 0.14 gm (1.3 X10-3 mole) of diethylene
glycol (BDH) in 5 ml dried tetrahydrofuran and 0.5 gm of
granulated sodium hydride was added. After stirring under
nitrogen atmosphere for 2 hours at 56°C, 0.84 gm (2.6 X
10 3 mole)* of 4' -bromo-methyl-benzo-l2-crown-4 in 10 ml
tetrahydrofuran was added dropwise within 3 hours. Then
the mixture was stirred at ref lux temperature for 20
hours. The solution was cooled, filtered, and acidified
with dilute hydrochloric acid. The solvent was removed
by rotary evaporator. The oily residue was dissolved in
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30 ml chloroform and* washed twice with 20 ml distilled
water. The organic layer was seperated and dried over
anhydrous magnesium sulfate, and the chloroform was
removed by rotary-evaporator. The oily substance was
subjected to column chromatographic separation on 40 gm
aluminium oxide eluted with 500 ml diethyl ether and
then.2 5 ml chloroform-acetone mixture (3:2, by volumn).
The expected product was obtained in the chloroform-
acetone fraction. After removal of solvent, 0.15 gm of
colourless oily product was obtained (20% yield).
Attempts to recrystallize the oily product from several
solvents- failed. The purity of the product was
checked by thin layer chromatography with solvents of
different .polarities and nmr spectrum.
nmr (CDC13) s, ppm: 3.95 m 32H ethylenic H, -CH2-
4.44 s 4H benzylic H, Ph-CH 2-
6.92 d 6H aromatic H, -CH-
it (NaCl dise, neat) cm L: 1276, 1134, 1055
(-COC- stretching)
mass spect. (m/e): 578 (M+), 490, 341, 237, 149
d) 1, 10-bis C-3' 1 41-( 1", 4", 7",10"-tetraoxacyclododeca-
2-ene)-benzyl) -1, 4, 7, 10-tetraoxadecane (bis-
4-benzo-12-crown-4)
The synthetic procedure of bis-4-benzo-12-
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crown-4 was the same as that of bis-3-benzo- 12-crown-4,
only triethylene gylcol was employed instead. 0.85 gm
(2.7 X 10 3 mole) of' 4! -bromomethylbenzo-12-crown-4 and
0.20 gm (1.3 X 10 3 mole) of triethylene glycol were used.
The separation and isolation procedures were the same as
those-of bis-3-benzo-12-crown-4. 0.21 gm oily product
was obtained (25% vield).
nmr (CDC13) 6, ppm: 3.85 m 36H ethylenic H, -CH2-
4.42 s 4H benzylic H, Ph-CH 2-
6.92 d 6H aromatic H, -CH-
ir (NaCl dise, neat): 1277, 1133, 1052
(-COC- stretching)
mass spect. (m/e): 622 (M+), 490, 385, 237, 149
2. Bis-L3,4-(1',4',7',10',13'-pentaoxacyclopenta-
deca-2' -ene )'-benzylj ether (bis-l-benzo-15-crown-5)










a) 1,11-dichloro-3,6,9-trioxaundecane and 4'-methyl-
benzo-15-crown-5.
These two compounds were-synthesized accord-
ing to the procedure devised by Pedersen' and Smid et al
17
b)4'-bromo-methvl-benzo-l5-crown-5:
Into a 1000 ml round bottom flask, equipped
with ref lux condenser, outlet tube and magnetic bar,
2 gm (7.1 X 10 3 mole) 4' -methyl-benzo-15-crown-5 and
500 ml dried carbon tetrachloride were added. The
solution was stirred under nitrogen atmosphere for 5
minutes. 1.26 gm (7.1 X 10 3 mole) of N-bromosuccinimide
was added in one portion, and the solution was stirred
for another 5 minutes. The reaction flask was put into
a 900C oil bath and a 500 W tungsten lamp was turned' on
for 15-20 minutes* After the reaction, the yellowish
solution was cooled in ice water and the yellowish
precipitates were removed by filtration. The solvent
was evaporated off at reduced pressure at room temperature,
The oily substance was extracted with 170 ml n-heptane
at 50-55°C and the resulting solution was left at room
temperature for crystallization. 1.5 gm white flaky
crystal was obtained (60% yield), m.p.-68-69°C.
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nmr (CDC13) s, ppm: 3.94 m 16H ethylenic H, -CH2-
4.42 s 2H benzylic H, Ph-CH 2-
6.84 d 3H aromatic H, -CH-
it (KBr) cm-1: 1532, 1269, 1134, 1064
c) Bis- (3., 4- (1', 4', 7' ,10' ,13' -pentaoxacyclopenta-
deca-2' -ene)-benzyl) ether (bis-l-benzo-15-
crown-5)
Into a 50 ml 2-neck round bottom flask,
equipped with a reflux condenser and a magnetic bar, 0.5.
gm potassium hydroxide and 0.92 gm (2.5 X 10 3 mole) of
4' -bromo-methyl-benzo-l5-crown-5 in 15 ml tetrahydrofuran
were introduced and the solution was stirred for 5 minute!
under nitrogen atmosphere.. Then the solution was.set at
reflux temperature and stirred for 20 hours. After the
reaction was completed, the solution was cooled, filter-
ed and acidified with dilute hydrochloric acid. Tetra-=
hydrofuran was removed by rotary evaporator. The oily
residue was redissolved in chloroform and washed twice
with equal volume of distilled water. The organic layer
was separated and dried over anhydrous magnesium sulfate,
the salt was filtered off,. and the chloroform was removed
by rotary evaporator. The oily substance was subjected
to column chromatographic separation on 45 gm basic,
activated aluminium oxide eluted with 200 ml diethyl
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ether and then 50 ml chloroform-acetone mixture (3:2 by
volumn). The expected product was found in chloroform-
acetone fraction. After removal of the solvent, the
product solidified at room temperature. 0.43 gm pure
product, 30% yield with m.p. 111-1120C, was obtained by
recrystallization from absolute alcohol.
nmr (CDC13) s, ppm: 3.94 m 32H ethylenic H,-CH2-
4.39 s 4H benzylic H, Ph-CH 2-
6.79 m 6H aromatic H, -CH-
it (KBr) cm 1: 1268, 1138, 1059
(-COC- s tre tch i nc
mass spect. (m/e): 578 (MT), 297, 283, 165, 149
Elemental- analysis: Found: 61.64% H: .7.72%
Calculated: C: 62.27% H: 7.32%
d) 1, 4-bis- (3' ,4.'-(l"4",7",10",13"-pentaoxacyclo-
pentadeca-2 -ene) -benzyl) -1, 4, -dioxabutane
(bis-2-benzo-15-crown-5),
1, 7-bis-(3', 4'- (l"4"9"7",10",13"-pentaoxcyclo-
pentadeca-2 -ene) -benzyl) -1, 4, 7-trioxaheptane
(bis-3-benzo-15-crown-5) and
1, 10-bis-(3', 4'- (1",4",7",10", 13"-pentaoxacyclo-
pentadeca-2 -ene) -benzyl) -1, 4, 7,10-tetraoxa-
decane (bis-4-benzo-15-crown-5)
The synthetic procedures of these compounds
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were similar to that of bis-3-benzo-12-crown-4. Into a
50 ml 2-neck round bottom flask, equipped with a ref lux
condenser, a dropping funnel and a magnetic bar, suitable
weight of corresponding polyethylene glycol (1.3 X 10 3
mole) in 5 ml dried tetrahydrofuran and 0.5 gm of
granulated sodium hydride was added. After stirring
under nitrogen atmosphere for 2 hours at 65°C, 0.96 gm
(2.7 X 10 3 mole) of 4' -bromo-methyl-be.nzo-15-crown-5 in
10 ml dried tetrahydrofuran was added dropwise within
3 hours. Then the mixture was stirred at reflux temper-
ature for 20 hours. The solution was cooled, filtered,
and acidified with dilute hydrochloric acid. The solvent
was removed by rotary evaporator. The oily residue was
dissolved in 30 ml chloroform and washed twice with 20 ml
distilled water. The organic layer was separated and
dried over anhydrous magnesium sulfate. The salt was
filtered off and the chloroform was removed.by rotary
evaporator. This oily substance was subjected to column
chromatographic separation on 45 gm activated, basic
aluminium oxide eluted with 600 ml diethyl ether and
then 30 ml chloroform-acetone mixture (3:2, by volume).
The expected product was obtained in the chloroform-
acetone mixture fraction.
Bis-2-benzo-15-crown-5, the* oily product, can soli-
dify by standing in freezer (-18°C) for a few days.
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Attempts to recrystallize from solvents of different
polarities for further purification have failed. The
purity of this product was checked by thin layer chroma-
tography with different solvent systems, nmr spectrum
and element analysis. 0.24 gm white solid was obtained,
30% yield, m. p. 48-50C.
nmr (CDC13) s, ppm: 3.87 m 36H ethylenic H, -CH2-
4.42 s 4H benzylic H, Ph-CH2-
6.82 d 6H aromatic H, -CH-
ir (NaC1 dise, neat) cm-1: 1271, 1140, 1059
(-COC- stretching)
mass spect. (m/e): 622 (M+), 342, 165, 149
Element analysis: Found: C: 61.30% H: 7.69%
Calculated: C: 61.72% H: 7.45%
Bis-3-benzo-15-crown-5 and bis-4-benzo-15-crown-5,
both oily substances, did not solidify even though they
stood in freezer at -180C for a few weeks. No suitable
solvents were found to recrystallize the products. The
purity of the products was checked by thin layer chroma-
tography, and only a single spot was found in different
solvent systems. The nmr spectra did agree well with
the structure of the expected products.
Bis-3-benzo- 15-crown-5, a clear oily substance
0.30 gm (35% yield), was obtained.
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nmr (CDC 13) S,.ppm: 3.87 m 40H ethylenic H, -CH2-
4.42 s 4H benzylic H, Ph-CH 2-
6.82 d 6H aromatic H, -CH-
it (NaCl dise, neat) cm 1: 1270, 1141, 1060
(-COC- stretching)
mass spect. (m/e): 666 (M+), 578, 385, 149
Bis-4-benzo-15-crown-5, a clear oily substance
0.32 gm (35% yield), was obtained,
nmr (CDC13) s, ppm: 3.86 m 44H ethylenic H, -CH2-
4.42 s 4H. benzylic H, Ph-CH 2-
6.80 d 6H aromatic H, -CH-
it (NaC1 dise, neat) cm 1: 1270, 1144, 1058
(-COC- stretching)
mass snect.m/e): 710 (M+), 578, 462, 289, 149
3. 1, 4-bis- (3' 941.( 1", 4", 7",10", 13",16"-hexaoxacyclo-
octadeca-2 -ene) -benzyl) -1, 4-dioxabutane (bis-2-
benzo-18-crown-6),




cyclooctadeca-2 -ene) -benzyl) -1, 4, 7, 10-tetraoxa-
decane (bis-4-benzo-18-crown-6).
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a) Pentaethylene glycol, 1,14-dichloro-3,6,9,12-
tetra-oxatetradecane and 4' -methyl-benzo-18-
crown-6.
These three compounds were prepared accord-
ing to the procedure laid down by Pedersen1 and Smid et
al17
b) 4'-bromo-methyl-benzo-18-crown-6:
The preparation of 4' bromo-methyl benzo-
18-crown-6 was similar to that described for 4'-bromo-
methyl-benzo-15-crown-5 by using 4'-methyl-benzo-18-
crown-6 as the starting material. After extraction
from n-heptane at 50-60°C, 1.8 gm white crystal was
obtained (65% yield), m.p. 82-84°C.
nmr (CDC13) s, ppm: 3.92 m 20H ethylenic H, -CH2-
4.42 s 2H benzylic H, Ph-CH2-
6.84 d 3H aromatic H, -CH-




1, 7-bis- (3', 4'- (1",4"9" 7",10",13", 16"-hexaoxa-




cyclooctadeca-2-ene)-benzyl) -1, 4, 7,10-tetraoxa=
decane (bis-4-benzo-18-crown-6)
The synthetic procedures of these compounds
were similar to that of bis-3-benzo-12-crown-4. Into a
50 ml-2-neck round bottom flask, equipped with a ref lux
condenser, a dropping funnel and a magnetic bar, suitable
weight of corresponding polyethylene glycol (1.3 X 10-3
mole) in 5 ml dried tetrahydrofuran and 0.5 gm of
granulated sodium hydride was added. After stirring
under nitrogen atmosphere for 2 hours at 65°G, 1.07 gm
of 41-bromo-methyl-18-crown-6 (2.7 X 10 3 mole) in 10 ml
dried tetrahydrofuran was added dropwise within 3 hours.
Then the mixture was stirred at ref lux temperature for
20 hours. The solution was cooled, filtered and acidi-
fied with dilute hydrochloric acid. The tetrahydrofuran
was removed by rotary evaporator and the oily residue
was dissolved in 30 ml chloroform and washed twice with
20 ml distilled water. The organic layer was separated
and dried over anhydrous magnesium sulfate, the salt
was filtered off and chloroform was removed by rotary
evaporator. The oily residue was subjected to column
chromatographic separation on 45 gm activited, basic
aluminium oxide eluted with 600-ml diethyl ether follow-
ed by 200 ml diethyl ether-tetrahydrofuran mixture (2:1,
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by volume) and then 150 ml of pure •tetrahydrofuran. ThE
expected products were found in tetrahydrofuran fraction
Among these three products, only bis-2-benzo-18-
crown-6 can solidify by standing in freezer at -18°C fox
a few days. Attempts to recrystallize these products
from solvents of different polarities have failed. The
purity of these products was checked by thin layer
chromatography and only a single' spot was found in
different solvent systems. The nmr spectra did agree
well with the structure of the expected products.
0.35 gm of bis-2-benzo-18-crown-6 was obtained in
white solid form, by standing in freezer (-18°C) for a
few days, with 38% yield, m.p. 83-85°C.
nmr (CDC13) s, ppm: 3.84 m 44H ethylenic H, -CH2-
4.42 s 4H benzylic H. Ph-CH2-
6.84 d 6H aromatic H. -CH-
ir (NaCl dise, neat) cm 1271, 1136, 1059
(-COC- stretching)
mass spect. (m/e): 710 (M+), 386, 165, 149
Element analysis: Found: C: 60.01% H: 7.87%
Calculated: C: 60.83% H: 7.66%
Bis-3-benzo-18-crown-6, a clear oily substance
0.33 gm (34% yield), was obtained.
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nmr (CDCI3) S, ppm: 3.84 m 48H ethylenic H, -CH2-
4.42 s 4H benzylic H, Ph--CH2-
6.84 d 6H aromatic H, -CH-
it (NaC1 dise, neat) cm 1: 1271, 1136, 1060
(-COC- stretching)
mass spect. (m/e): 754 (M+), 429, 165, 149
Bi s--4-be nzo-18-crown-6, a clear oily substance with
0.32 corn (32% yield), was obtained.
nmr (CDC13) 8, ppm: 3.86 m 52H ethy].enic H, -CH2-
4.42 s 4H benzylic H, Ph-CH2-
6.84 d 6H aromatic H, --CH-
it (.NaCl dise, neat) cm-1: 1269, 1139, 1060
( -co%.- stretching)
mass spect. (m/e): 798 (M*), 475, 327, 165, 149
D. Extraction
a) Preparation of picrate salts:
i) Sodium picrate:
Excess amount of sodium hydroxide
ethanolic solution was added slowly into the picric acid
ethanolic solution with stirring. The reddish orange
precipitate of sodium picrate was filtered and washed
with 95% ethanol to remove the excess base. Pure salt
was obtained by recrystallization from 95% ethanol and
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dried under vacuum at room temperature,
ii) Potassium picrate, rubidium picrate and
cesium picrate:
Excess amount of the correspondinq
alkali metal hydroxide aqueous solution was added slowly
into the picric acid aqueous solution with stirring.
Yellow needle form crystal appeared immediately. They were
filtered and washed with cool water to remove the excess
base. Pure salt was obtained by recrystallization twice
from distilled water and dried under vacuum at room
temperature.
b) Extraction procedure:
5 ml of crown ether chloroform solution
saturated with water and 5 ml of aqueous picrate salt
solution saturated with chloroform was put into a 20 ml
separating funnel,* and was shaken vigorously for 5 minutes
to attain equilibrium. The funnel then stood at room
temperature until both aqueous and chloroform layers
became clear. The chloroform layer was separated and
the concentration of picrate salt-crown ether complexes
were determined by uv-visible spectrophotometer.
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IV. Results and Discussions
A. Nomenclature
Similar to the monomeric crown ethers, the IUPAC
nomenclature system for bis-crown ethers is very cumber-
some. For repeated uses, an abbreviated system for these.
bis-crown ethers has to be devised.
.The bis-crown ethers that we have synthesized in
this project contain the crown moieties of benzo-12-
crown-4, benzo-15-crown-5 or benzo-18-crown-6. There-
fore a prefix 'bis' is added in front of the correspond-.
ing crown moieties of the monomeric crown ethers to in-
dicate the bis-crown ether families. Also the bridge
linkage between the two crown moieties is polyethylene
ether only. The length of the bridge can be indicated
by the number of oxygen atoms present in the polyethylene
ether chain, and this number is put in between the prefix
'bis' and the name of the monomeric crown ether moeities.
For example the 1, 10-bis- C 3', 4'- C 1", 4", 7",10", 13",16"-
hexaoxacyclooctadeca-2-ene)-benzyl)- 1,4,7,10- tetraoxa-
undecane and 1, 4-bis-(3', 4'- (1", 4", 7",10",13"-pentaoxa-
cyclopentadeca-2"-ene) -benzyl) -1, 4-dioxabutane, which
are shown in'Figure III, are abbreviated as bis-4-benzo-







oxacyclopentadeca-2" -ene)-benzyl) -1, 4-
dioxabutane
abbreviated name: Bis-2 benzo- 15-crown-5
Figure III. Abbreviated nomenclature system for the
bis-crown ether.
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B. Synthesis of bis-crown ethers
1) Bis-3-benzo-12-crown-4 and bis 4-benzo-1L crown-4
The reaction scheme for the synthesis of
these two bis-crown ethers is shown in Figure IV. The
method of synthesis of the monomeric species, 4'-methyl-
benzo-12-crown-4 was similar to that described by C. J.
Pedersen l and later by Liotta et a159. In order to
increase the yield' of the twelve member ring product,
lithium ion was generally chosen as. the template. How-
ever, the basicity of lithium is not strong enough to
carry out the Williamson reaction, sodium hydroxide was
added to compensate this disadvantage. Upon separation
by column chromatography on aluminium oxide, two major
portions with approximate 2:1 weight ratio were isolated.
from the reaction products. It was found that-the big-
ger portion was not the desired product, i.e. 4'-methyl
benzo-12-crown-4. Based on the mass spectrum and the
differential scanning calorimetry measurements, one
could conclude that this portion was the mixture of two
isomers of dimethyl-dibenzo-24-crown-8 with melting points
at 69°C and 73°C, respectively. The smaller portion was
further purified by recrystallization from n-heptane
and identified to be the desired product, 4' -methyl
benzo-12-crown-4 with m.p. 46-48°C. The nmr spectra of










Figure IV. Synthesis of bis-benzo-12-crown-4 series
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were quite similar to each other, in terms of pattern,
chemical shift and integrated line ratio. However, for
4' -methyl-benzo-12-crown-4, the spin-spin coupling
constant of the hydrogens in the crown ether ring with
the chemical shifts centered at approximately 3.9 S and
4.2 S was larger than that of dimethyl-dibenzo-24-crown-8,
approximately 11 cps. This could be due to the more
rigid structure of the smaller ring, 12-crown-4, and
higher interaction between the neighbouring hydrogens.
The Gverall yield of 41-methyl-benzo-12-crown-4 was
found to be 15% which is much higher than the value
reported by Pedersen1. The use of the high polar organic
solvent, dimethyl sulfoxide instead of n-butanol, may
be an explanation for this high yield.
4'-methyl-benzo-12-crown-4 was brominated by using
N-bromosuccinimide in carbon tetrachloride illuminated
with 500 W tungstun light at reflux temperature. The
brominated product, 4'-bromo-methyl-benzo-12-crown-4
was isolated by extraction with n-heptane at 60°C and
recrystallization was done in n-heptane for further
purification. The yield was 70%, m.p. 83-850C. The
brominated crown ether products, including 4'-methyl-
benzo-15-crown-5 and 4' -methyl-benzo-l8-crown-6 were
found to be very unstable and turned black at room temp-,
erature within a day. Therefore they should be used
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immediately after preparation or stored in a._ dry cool
place under inert gas atmosphere, such as nitrogen gas
atmosphere. The instability of these-compounds may be
due to the etheric electron donating group which can
stabilize the corresponding carbonium ion upon he tero-
.lytic dissociation of the bond between bromine and carbon
atoms. Thus the decomposition through carbonium ion
would be facilitated.
Bis-3-benzo-12-crown-4 and bis-4-benzo-12-crown-4
were prepared by the Williamson reaction between 4'-
methyl-benzo-12-crown-4 and the corresponding poly-
ethylene glycol in dried tetrahydrofuran using sodium
hydride as base. Usually sodium hydroxide or potassium
hydroxide can be used as the base in'the Williamson
reaction. However, in this case, the presence of hydro-
xide ion turns the starting material, 4'-bromo-me thyl-
benzo- 12-crown-4, into the corresponding crown ether
benzyl alcohol through hydrolysis, and reduces the over-
all yield. Furthermore, the generated crown ether benzyl
alcohol becomes a nucleophile in the presence of hydroxide
and attacks the unreacted 4' -bromo-methyl-benzo-12-crown-4
to give a product of bis-1-benzo-12-crown-4 as shown in
Figure V. Therefore, in order to eliminate the above
process, sodium hydride was used instead of sodium hydro-




n= 2, 3, 4
n= 2, 3, 4
n= 2, 3, 4
n= 2, 3, 4
Base (KOH or NaH)
n= 2, 3, 4
Figure V. The effect of hydrolysis of the brominatea
products in the synthesis of bis-crown ether
series
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Thin layer chromatography of the oily reaction
residue of bis-3-benzo-12-crown-4 on aluminium oxide
showed the presence of at least five components with R f
values of 0.85, 0.15, 0.00 eluted with diethyl ether and
1.00, 0.80, 0.65, 0.00 eluted with chloroform-acetone
mixture (3:2, by volume). The first and second spots
using diethyl ether as eluent were identified as 4'-
methyl-benzo-12-crown-4 and 4' -hvdroxy-methyl-benzo-12-
crown-4, the hydrolysis product of the brominated 4'-
methyl-benzo-12-crown-4, respectively. The second and
third spot eluted with chloroform-acetone mixture were
identified as the desired bis-crown ether and the mono-
etherification product, respectively. The final spot
was unidentified. The presence.of 4' -methyl-benzo-12-
crown-4 in the mixture may be due to the reduction of
4'-bromo-methyl-benzo-12-crown-4 by sodium hydride.
The desired bis-crown product was isolated by
column chromatographic separation on active, basic
aluminium oxide eluted with firstly diethyl ether and
then chloroform-acetone mixture. Bis-3-benzo-12-crown-4
was found to be an of ly product and obtained with 20%
yield. The purity of the oily product was checked by
thin layer chromatography and only a single spot was
observed with different solvent systems*. Attempts to
solidify it have failed.
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The synthetic method and the separation procedure
of bis-4-benzo-12-crown-4 were similar to those for bis-
3--benzo-12-crown--4 except the triethylene glycol was
used instead of diethylene glycol. It was found to be
an oily product with 25% yield, and the purity was check-
ed again by the thin layer chromatography. The nmr
spectrum of these two bis-benzo-12-crown-4 ethers are
very similar to each other except the peak patterns at
chemical shift around 3.6 ppm which are corresponding to
the bridge hydrogens.
2. Bis--l-bcnzo-15-crown-:
The reaction scheme for synthesis of bis-
1-benzo-15-crown-5 is shown in Figure VI. 4' -methyl-
benzo-15-crown-5 was synthesised according to the pro-
cedure described by y Pedersen l. It was brominated by
N-bromosuccinimide in carbon tetrachloride illuminated
with 500 W tungstun light in very dilute concentration
at ref lux temperature. The concentration of the crown
ether must be very low otherwise the bromination is not
at benzylic position but on the aromatic ring. This
indicated that an electrophilic substitution on the
aromatic ring occures rather than a radical substitution










Figure VI. Synthesis of bis-1-benzo-15-crown-5
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in the case of 4' -methyl-benzo-l2-crown-4. It is probably
due to the fact that 4'-methyl-benzo-15-crown-5 and 4'-
me thyl-benzo- 18-crown-6 can form molecular complexes with
bromine20, which facilitate the decomposition of N-bromo-
succinimide. As a result, the concentration of bromine
in carbon tetrachloride increases. This is based on the
fact that when the crown ether solution was added into
N-bromosuccinimide, the solution immediately turned
into brown color at room temperature. Increase in con-
centration of the bromine may shift the' reaction mech-
from radical to electrophilic reaction6Q'6 1
anism process
Furthermore the formation of crown-bromine complex gives
an induced dipole in the bromine molecule which may turn
the bromine more reactive toward electrophilic substi-
tution, just like the role of Lewis acid in electrophilic
bromination on the aromatic ring. In the case of 4'-
methyl-benzo-12-crown-4, because of the small size of
the cavity, no crown ether-bromine complex is formed.
The lack of formation of complex could be evidenced by
the fact that this crown ether solution could not
turn the solid N-bromosuccinimide into a brown color.
Therefore, the bromination in 4' -methyl-benzo-12-crown-4
takes place on the benzylic position through the usual
radical substitution mechanism.
Pure 4'-bromo-methyl-benzo- 15-crown-5 was obtained
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by continuous extraction with n-heptane and recrystal-
lization from n-heptane. The dimerization of 4' -methyl-
benzo- 15-crown-5 was carried out by refluxing with
potassium hydroxide in tetrahydrofuran. The thin layer
chromatography of the oily residue on active, basic
aluminium oxide eluted with chloroform-acetone mixture
revealed the presence of at least four components.
their Rf values were 0.90, 0.70, 0.50 and 0.00 respec-
tively. The first spot was identified to be 4' -methyl-
benzo-15-crown-5, the second spot, which was the biggest
spot, was identified to be the desired product. The
third spot was the hydrolysis product and the final spot
was unidentified.
Upon column chromotographic separation of the oily
residue eluted with diethyl ether first and then chloro-
form-acetone mixture, a clear oily product was obtained..
This oily substance solidified upon standing at room
temperature for a few hours. Pure white needle crystal,
with m.p. 111-112°C, yield 30%, was obtained by recrys-
tallization from absolute ethanol.
3. Bis-2-benzo-15-crown-5, kris-3-benzo-15-crown-5
and bis-4-be nzo-15--crown-5













Figure VII. Synthesis of bis-benzo- 15-crown-5 series
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compounds is shown in Figure VII. 4'-bromo-methyl
benzo-15-crown-5 reacted with the corresponding poly-
ethylene glycol in tetrahydrofuran using sodium hydride
as the base gave the desired crude products. Bis-2-
±benzo-15-crown-5, an oily substance, from column chroma-
tographic separation eluted with diethyl ether first
and then chloroform-acetone mixture, solidified upon
standing in freezer at -180C for a few days. Attempts
to recrystallize it from different solvent systems have
failed. The yield was found to be 30% and the melting
point was 48-500C. Bis-3-benzo-15-crown-5 and bis' 4-
benzc-15-crown-5, obtained from the column chromatographic
separation, were colorless oily products. Attempts to




The reaction scheme for the synthesis or the
corresponding bis-benzo-18-crown-6 is shown in Figure VIII
The synthesis of 4' -methyl-benzo-18-crown--6 was similar
to that reported by C. J. PedersenI, with slight
modification. It was then brominated by Iv-bromosuccin-













Figure VIII. Synthesis of bis-benzo-18-crown--6 series
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tion to suppress the-electrophilic substitution reaction.
The brominated product, 4' -methyl-benzo-18-crown-6 was
extracted with n-heptane at 60°C and recrystallized from
n-hetane.
4' -bromo-methyl-benzo-18-crown-6 reacted with the
corresponding polyethylene glycol in dried tetrahydro-
furan using sodium hydride as the base gave the
desired bis-benzo- 18-crown-6 ethers. These products
have nearly the same Rf in the thin layer chromatography
on aluminium oxide eluted by chloroform. For separation
purpose, the reaction mixture was submitted to column
chromatrography on aluminium oxide eluted with diethyl
ether first, and diethyl ether-tetrahydrofuran mixture,
and finally, pure tetrahydrofuran. The bis-crown compounds
were 'found in the pure tetrahydrofuran portion.
Among these three products, bis-2-benzo-18-crown-6
was obtained in solid form, m.p. 83-85°C, yield 38%,
after column chromatographic purification. The other
two bis-crown compounds, bis-3-benzo-18-crown-6 and
bis-4-benzo-18-crown-6, were oily products, similar to
the bis-benzo-15-crown-5 series-. Attempts to solidify
them have failed. The yields of these two bis-crown
ethers were found to be 34% and 32% respectively
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C. Complexation between alkali metal ions and bis-crown
ethers
The complexation abilities of crown ethers
toward metal ions have been quantitatively determined
by different methods. The ability to dissolve alkali
metal salts in organic phase by crown ethers was used
to evaluate the complexation power of different crown
ethers1. Spectroscopic method, such as ir1, uv-visible 1
and nmr62. ultrasonic absorption measurement63 potentio-
metric titration 67 as well as conductivity measurement2
have also been employed to measure the complexation
constants for individual crown ethers toward particular
metal ions in homogeneous systems. Because the.crown
ethers have potential as phase transfer reagents and.
also because the overall extraction ability of the crown
ether toward alkali metal salts from aqueous phase into
organic phase is a measure of the individual complexation
ability, the extraction coefficient was measured instead
of the: stability constant, Due to the stability and
characteristic absorptions in uv-visible spectroscopy,
alkali metal picrates have been chosen as the probe to
study the phase transfer phenomena facilitated by crown
ethers 64
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1. Characteristic uv-visible absorption and the
structures of the complexes between bis-crown
ethers and alkali metal picrate salts in chloro-
form
It is well known that, without the presence
of crown ethers, the alkali metal picrate salts do not
dissolve in chloroform at room temperature65. The crown
ether which can form complexes with the picrate salts
serve as the phase transfer reagent to carry the salts
into the chloroform solution either from solid phase,
i.e. the salt crystal lattice, or from aqueous solution
containing the salts.
For complexes between alkali metal' picrate salts and
crown ethers in low polarity media, such as methylene
chloride or chloroform, there are at least two types of
ion pairs, namely crown-complexed tight ion pair and
crown separated ion pair64. These two ion pairs have
their own characteristic absorption maxima in the region
of 340 nm to 460 nm, which depend on the type of cation
and crown ethers. For example, the 1:1 complex between
potassium picrate and benzo-15-crown-5 in chloroform was
found to be a crown-complexed tight ion pair, its absor-
ption maximum being at 362 nm. However, the complex
between the same salt and polyvinylbenzo-15-crown-5 is
a crown separated ion pair and its absorption maximum is
at 378 nm. This is due to the fact that, in the latter
case, the potassium ion is located in between two crown
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moieties forming a sandwich type complex, whereas, in the
former case, the cation is just located at the center of
a crown cavity. As a result, the crown separated ion
pair has a larger interionic distance than the crown-
complexed tight ion pair, and a bathochromic shift form
362 nm to 378 nm is expected.
The absorption maxima and the molar absorptivities
of the complexes between bis-crcwn ethers and alkali
metal picrate salts in chloroform are shown in Table I,
II, III and IV, together with the monomeric crown ether
complexes for comparison purposes.
The complex between sodium picrate and 4'-methyl-
benzo-15-crown-5, and 4' -methyl-benzo-18-crown-6 in
chloroform have been found to be crown-complexed tight
ion pairs with absorption maxima at 356 nm and 362 nm
respectively 30. The bis-benzo-15-crown-5 series complex-
ed with sodium picrate in chloroform gave the absorption
maxima at 356 nm, regardless the different lengths of
the bridge linking the two crown moieties. This means
that the structures and the type of ion pair formed
in complexes between bis-benzo-15-crown-5 and sodium
picrate are exactly the same as that in the complex between
sodium picrate and the corresponding monomeric species,
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Table I. Absorption maxima. and molar absorptivities of
the complexes between bis-crown ethers and







1.635GBi s- l-benzo-15-crown- 5
1.6356Bi s-2 -be nzo-15-crown- 5








Table II. Absorption maxima and molar absorptivities of
the complexes between bis-crown ethers and
potassium picrate in chloroform at 200C
Crown ether F X to-4A (nm)
m
(cm-1M-1)
Bis-3-benzo-12-cam own-4 365 1.7
365Bis-4-benzo-12-crown--4 1.7
Bi s- l-benzo-15-crown- 5 378 1.7
Bi s-2-benzo-15-crown-5 1.7378
Bis-3-benzo-15-crown-5 378 1.7
Bis-4-benzo-15-crown-5 378 1. 7
41-methyl-benzo-15-crow n-5 365 1.7
365B s-2-benzo-18-crown-6 1.7
Bis-3-benzo-18-crown-6 365 1.7
Bis-4-be nzo-18-crown-6 365 1.7
4' -methyl-benzo-18-crown-6 365 1.7
64
Table III. Absorption maxima and molar absorptivities of
the complexes between bis-crown ethers and
rubidiumicrate in chloroform at 20°C









365 1.7Bi s-4-be rzo-18-crown-6
4' -methyl-benzo--18-crown-6 1.7365
65
Table IV. Absorption maxima and molar absorptivities of
the complexes between bis-crown ethers and
cesium picrate in chloroform at 20°C













i.e. 4'-methyl-benzo-15-crown-5. It is because the size
of sodium ion is comparable with the diameter of the
benzo-15-crown-5 cavity, and the two crown moieties act
as two individual crown units during complexation.
The absorption maxima of the complexes between
sodium picrate and bis-benzo-18-crown-6 series were at
362 nm in chloroform, which coincided with the absorption
maximum of the complex between the same salt and their
monomeric crown ether, i.e. 4'-methyl-benzo-18-crown-6.
This phenomenon is similar to that observed
in the bis-benzo-15-crown-5 systems, in which the bis-
crown ethers simply provide two individual crown moieties
for complexation.
Complexes between sodium picrate and bis-benzo-12-
crown-4 series showed absorption maxima at 362 nm, which
accidentially coincided with the absorption maximum of
the complex between 4' -me thyl-benzo-18-crown-6 and sodium
picrate. This indicated that both the complexes may
have similar ionic distance. On the.other hand, because
of the small ring size of the benzo-12-crown-4 moiety,
the sodium ion cannot be wrapped completely by the bis-
crown ethers. The complexes can only be in the form of
V-shape with the sodium ion situated in between two crown
moieties. This type of complex can provide enough space
at the-open end of the V-shape complexes for the picrate
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ion. As a result, the interionic distance between the
sodium ion and picrate ion is somewhat greater than that
in the complex between sodium picrate and benzo-15-crown-5
and smaller than that in the complex between potassium
icrate and polvvinvl-benzo-15-crown-5.
In chloroform, at least two types of complexes
between potassium picrate and bis-crown ethers containing
different crown ether moieties were found. The first
type was the complexes with bis-benzo-12-crown-4 series
or bis-benzo-18-crown-6 series, which showed an identical
absorption maxima at 365 nm. The second type was the
complexes with bis-benzo-15-crown-5 series, which showed
an absorption maxima at 378 nm. In the case of bis-
benzo-18-crown-6 series, comparing the absorption maxima
with the corresponding monomeric complex revealed that
the two crown moieties of the bis-crown ethers work as
two independent units toward potassium ion and no sand-
wich type complexes are formed. In the case of bis-
benzo-12-crown-4 series, like sodium cation, formation
of V-shape type complexes with potassium cation locat-
ing between two crown ether moieties was expected. How-
ever, for. the bis-benzo-15-crown-5 series, the size of
the potassium ion is larger than the size of the crown
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cavities. The two neighbouring crown moieties complex
with one cation simultaneously and this leads to the
formation of sandwich type complexes which have been
already classified as crown separated ion pair complexes.
The absorption maxima of these complexes were found at
378 nm which coincided with the value found in the
potassium picrate-polyvinylbenzo-15-crown-5 system.
Like potassium picrate, two types of complexes
between rubidium and bis-crown ethers were found. One
type is the complexes with the bis-benzo-15-crown-5 series
with absorption maxima at 378 nm, which are crown separated
ion pair complexes, and the other is the complexes with
bis-benzo-18-crown-6 series with absorption maxima at
365 nm, which are crown-complexes tight ion pairs. No
complex has been found between rubidium ion and the bis-
benzo-12-crown-4 series. This is probably due to the
unfavourable size relationship between the cation and
the crown ether cavities plus the lack of enough
complexation sites provided by the benzo-12-crown-4
moieties.
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Cesium picrate cannot form complexes with bis-benzo-
12-crown-4 due to the same reason as outlined for the
corresponding rubidium system.
Complexation between cesium picrate and bis-benzo-
18-crown-6 series is very similar to that between potassium
picrate and the bis-benzo-15-crown-5 series. The cesium
complexes showed an absorption maxima at 378 nm in chloro-
form, which are crown separated ion pairs. The relative
sizes of cations and crown ether cavities, and the number
of binding sites on the crown moieties can account for this
result.
The complexes between cesium picrate and bis-benzo-
15-crown-5 series showed an absorption peak at 376 nm,
close to the absorption maxima of the crown separated ion
pair complexes, 378 nm. Therefore, formation of sandwich
type complexes was assumed in these systems.
2. Extraction of alkali metal picrate salts from
aqueous solution into chloroform by bis-crown
ethers
The overall extraction of -picrate salts
into the organic phase, devised by Eisenman66, is describ-
ed as following,
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where Maq+ and Piaq denote the alkali cation and picrate
anion in aqueous phase, MCrorg+ and Piorg denote the
crown complexed alkali cation and picrate anion in the
organic phase, respectively. The complexed picrate salt
in the organic phase was assumed to be completely dissoci-
ated into free ions. However, in low dielectric constant
media and high salt concentration system, it is quite
reasonable to believe that these kind of complexes in
30
such an organic phase are present in the form of ion pairs,
and the overall equilibrium should be described as
(2)
The overall extraction process has been resolved into
the following steps30, namely, the transfer of alkali
cation and picrate anion from aqueous phase into organic
phase by the formation of the ion pair M+Pi,
-(3)
and the complexation between the ion pair and the crown
ether in the organic phase,
(4)





If the alkali metal ion forms 1:1 complex with the crown
ether and the concentration of picrate salt in the
aqueous phase is much greater than the initial crown
ether concentration in organic layer, the extraction




where + is the mean activity coefficient of the picrate
salt in water and (CrogJ 11o and (CrPi org )are the initial
crown ether concentration and metal crown ether complex
concentration in organic phase, respectively.
In order to calculate the extraction equilibrium
constant Ke by this equation, the concentration of the
metal crown ether complex in organic phase must be known.
This can be done by measuring the absorbance of the com-
plex using uv-visible spectrophotometer. The character-
istic absorption of the different complexes in the region
of 340-450 nm have been reported to obey Beer's law and
used extensively for this purpose 30.
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Equation (6) for calculating the Ke value is valid
only when the stoichiometric ratio between the crown
ether and the metal cation is 1:1. Slight modification
of equation (6) is needed if it is applied to other system
having different stoichiometric ratio. For instance, the
complexes between alkali metal picrates and bis-benzo-
15-crown-5 or bis-benzo-18-crown-6 series absorbed at
376-378 nm are in the form of sandwich type complexes
which have two crown ether moieties wrapped around a
metal cation. As indicated by the name of the bis-crown
ethers, a molecule of these compounds can provide two
crown ether moieties for complexation. In other words,
one molecule of bis-crown ether in sandwich type complex
can bind one ion pair of alkali metal picrate salt, and
hence the stoichiometric ratio in this type of complex is
1:1. Thus, equation (6) can be applied directly.
In the case of the complexation between bis-benzo-
18-crown-6 series and potassium picrate, however, the
spectrophotometric data revealed that the two crown
moieties of the bis-crown ethers act as two individual
crown units toward potassium cation. In other wards,
one bis-crown ether molecule can provide two crown
moieties for two cations during complexation. This is
also supported by the fact that, in the extraction
experiment, the concentrations of the complexes between
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potassium picrate and bis-benzo-18-crown-6 series were,
in some cases, greater than the initial concentrations
of the corresponding bis-crown ethers. As a result, the
initial concentration of crown ether CCror9 J°in equation
(6) should be twice the initial concentration of bi s-
crown. ethers, i.e. (Cror)o= 2 X (bis-crown ether 3
Similar approaches have been reported when using the.polymer
and copolymers of vinylbenzo-18-crown-6 as phase transfer
reagents in the studies of ion transfer process through
liquid membrane 30. The same modification of equation
(6) is also applied to the systems of complexation between
bis-benzo-15-crown-5 series and sodium picrate, as well
as bis-benzo-18-crown-6 series and sodium picrate or,
rubidium picrate. In all these systems, the absorption
maxima of the complexes are not at 376-378 nm.
The extraction equilibrium constants Ke of alkali
metal picrate salts in the presence of bis-crown ethers
for the system H2O-CHC13 at 20°C were determined by
varying the initial concentrations of the two species
in both phases. These constants Ke together with the
corresponding initial concentrations of the salts and
bis-crown ethers are listed in Appendix I. The
monomeric crown ethers, i.e. 4'-methyl-benzo-15-crown-5
and 4' -methyl-benzo-18-crown-6 are included along with
the bis-crown ethers series for comparison purposes. In
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the case of cesium picrate complexed with bis benzo-15
crown-5 series, due to the low solubility of cesium
picrate in water and weak extraction ability of the bis-
crown ethers toward cesium ion, the Ke values. were calcu-
lated based on one set of initial concentrations of both
species. In other cases, the average Ke values for
individual systems were taken and listed in Table V.
By comparing the extraction equilibrium constants
between the bis-crown ethers and the corresponding mono-
meric crown ether for the alkali metal picrates, it was
found that the bis-crown ethers are definitely superior
over the corresponding monomeric crown ether for those
systems involving sandwich type complexes, i.e. crown
separated ion pair complexes. For instance, bis-l-benzo-
15-crown-5 is about 100 times more effective than 4'-
methyl-benzo-15-crown-5 in extracting potassium picrate
from aqueous phase to organic phase. The extraction of
cesium picrate by bis-4-benzo-18-crown-6 is about 10
times more effective than by 4'-methyl-benzo-18-crown-6.
The increase in number of binding sites for one cation
in the crown ethers is responsible for this big difference,
e.g. increase from 5 to 10 binding sites in bis-benzo-
15-crown-5 series systems and, from 6 to 12 binding sites
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Table V. Extraction equilibrium constants Ke of alkali metal picrates in the




Bi s-1-be nzo-15-crown- 5





Bis-3-benzo-15-crown-5 0,23 3.5 1.6
0.16
Bis-4-benzo-15-crown-5
0.23 3.9 1.5 0.17
4'-methyl-benzo-15-crown-5 0.37 0.042 0.033 0.012
Bis-2-benzo-18--crown-6 0.21 14 5.9 8.5
Bis-3-benzo-18-crowd-6 0.16
12 5.2 11
Bis-4-benzo-18-crown-6 0.18 17 5.8 15
4'-me thyl-benzo-18-crown-6 0.2 23* 6.9 1.4
*ref, 30.
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in bis-benzo-18-crown-6 series systems.
However, the extraction equilibrium constants for
bis-crown ether systems are slightly smaller than the
corresponding monomeric crown ether system when the
complexes are in a form other than the sandwich type
complexes, such as crown-complexed tight ion pair complex-
es. As we have discussed in a previous section, the two
crown moieties of the bis-crown ether act as two individua:
units, just like two independent monomeric crown ethers.
Hence, the extraction equilibrium constants for bis-crown
ethers in this case should be very close to those of their
corresponding monomeric species. They were found to be
slightly smaller. This is probably due to repulsion
between the two cations bound to the two crown moieties
of the same bis-crown ether molecule.
For the sandwich type complex, the length of the
bridge linking two crown moieties can slightly affect the
extraction equilibrium constant. For example, in the
system of potassium picrate extracted by bis-benzo-15-
crown-5 series, the highest K e value of 4.5 X 104 M 2
was found for the bis-l-benzo-15-crown-5 and then a drop
to a minimum Ke value of 2.3 X 104 M 2 for bis-2-benzo-
15-crown-5 was recorded. As the bridge length increases
the Ke values rises again for bis-3-benzo-15-crown-5 and
bis-4-benzo-15-crown-5. The same trends were also
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observed for rubidium picrate and cesium picrate extracted
by the same bis-crown ethers. The drop in extraction
equilibrium constants from bis- 1-benzo-15-crown-5 to bis-
2-benzo-15-crown-5 is probably due to the fact that the two
bridge oxygen atoms are not available for complexation, as
shown by examining the CPK model of these bis-crown ethers.
These oxygen atoms are tied iip on the benzylic carbons and
cannot come close to the cavity'-of the crown moieties
where the complexation, takes place. However, due to the
higher flexibility of bis-2-benzo-15-crown-5, it would
lose more entropy than bis-l-benzo-15-crown-5 in the
formation of sandwich type complexes. As a result, the
smaller extraction equilibrium constant for bis-2-benzo-
15-crown-5 is not unreasonable. In the case of bis-3-
benzo-15-crown-5 and bis-4-benzo-15-crown-5, again by
examining the CPK models of these bis-crown ethers, the
bridge chains are flexible enough to allow the bridge
oxygen atoms to approach to the complexation sites and
participate in the complexation. The contribution from
these oxygen atoms can facilitate the formation of sand-
wich type complexes and thus, increase the extraction
equilibrium constant.
The same phenomenon was also observed in the system
of cesium picrate complexed with bis-benzo-18-crown-6
series.
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The efficiency of transfering sodium picrate from the
aqueous phase into the chloroform phase by bis-benzo-15-
crown-5 series is comparable with that by the bis-benzo-
18-crown-6 series,. On the other hand, in transfering the
potassium picrate of cesium picrate, a significant differ-
ence was observed between these two series of bis-crown-
ethers. In the case of potassium picrate, crown separated
ion pair complexes are formed with bis-benzo-15-crown-5
series but crown-complexed tight ion pair complexes are
formed with bis-benzo-18-crown-6 series. Although the
former systems have a larger number of binding sites for
complexation, the extraction equilibrium constants for
the latter systems, about four times greater. This is due
to the fact that six oxygen atoms in the benzo-18-crown-6
moiety together with good size relationship between the
cavities of the crown moiety and the cation are suitable
for the formation of stable complexes. The increase of
the binding sites in bis-benzo-15-crown-5 complexes systems
are at the expense of the loss of entropy during complexa-
tion. Furthermore, coulombic interaction energy must be
overcome to form the sandwich type ion pair complexes with
bis-benzo-15-crown-5 while benzo-18-crown-6 forms only
tight ion pair complexes. Thus, smaller extraction
equilibrium constants for bis-benzo-15-crown-5 series were
observed.
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In the case of cesium picrate, both bis-benzo-15-
crown-S and bis-benzo-18-crown-6 series form the same
type complexes, i.e. sandwich type crown separated ion
pairs. But-the extraction equilibrium constants Ke for
bis-benzo-18-crown-6 series are approximately 100 times
larger than that for bis-benzo-15-crown-5 series. For
example, the Ke values for bis-4-benzo-18-crown-6 and
bis-4-benzo-15-crown-5 were found to be 1.5 X 105 M-2
and 1.7 X 103 M-2, respectively. This big difference in
.Ke value can be rationalized by the fact that the size of
the cesium ion is so large that ten oxygen atoms on the
smaller cavities of bis-benzo-15-crown-5 series are not
enough to form a stable complex with the cation. Bis-
benzo-18-crown-6 series which have larger cavities and
higher number of oxygen atoms can wrap around the cesium
ion and form stable complexes.
As expected, the order of selectivities of trans-
fering alkali metal picrate salts from aqueous phase to
chloroform phase by bis-crown ethers is different in
comparison with their corresponding monomeric species.
For bis-benzo-15-crown-5 series, the order is
80
whereas for the monomeric 4 -methylbenzo-15-crown-5 of
being not in large excess, the order is
For bis-benzo-18-crown-6 series, the order is
whereas for the monomeric 4' -methylbenzo-18-crown-6 of
being not in large excess, the order is
`rne selectivity or the monomeric crown etner is, generally,
higher than that of the corresponding bis-crown ethers.
This can be rationalized by the-fact that bis-crown ethers
can transfer alkali metal cations through the formation
of two types of complexes, the crown separated ion pair
complexes and crown-complexed tight ion pair complexes,
whereas, when the crown ether is not in large excess, the
corresponding monomeric species is only limited to the
formation of crown-complexed tight ion pair complexes.
This effect can be well illustrated by the example that
the Ke values for cesium and potassium picrates extracted
by bis-benzo-18-crown-6 series are almost the same whereas
the Ke values for potassium picrate extracted by 4' -methyl-
benzo-l8-crown-6 is much higher than those for the rest
of the alkali metal salts.
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Although bis-3-benzo-12-crown-4 and bis-4-benzo-
12-crown-4 can dissolve crystals of sodium picrate and
potassium picrate in chloroform by forming the corres-
ponding complexes, they cannot extract these salts from
aqueous phase into chloroform phase. Furthermore, no
detectable amount of complexes between bis-benzo-12-
crown-4 ethers and rubidium or cesium picrate in chloro-
form was found by using uv-visible spectroscopy. The
weak phase transfer abilities of the bis-benzo-12-crown-4
series are probably due to the lack of complexing sites
and unsuitable size of cavities provided by the bis-
crown ethers and the loss of entropy during formation of
complexes, which in return cannot compensate the desolva-
tion energy of cations initially solvated by water
molecules.
An interested phenomenon found in this study is
that the most effective phase transfer reagents for
potassium and cesium picrate salts from aqueous phase
to chloroform phase are bis-benzo-18-crown-6 series.
The extraction equilibrium constants Ke are not signi-
ficantly icantly different. They all are about 1.0 X 105 M. How-
ever, the structures of the complexes involved in the
phase transfer process are quite different. The former
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one is a crown-complexed tight ion pair complex and
the latter one a crown separated ion pair complex.
In other words, the anions are in different ionic en-
vironments even though the same anions are involved in
these complexes. Hence, one can expect that, in phase
transfer reaction, the reaction rate and, possibly, the
reaction mechanism may be different. The predicted
behaviours of the anions catalyzed by bis-crown ethers
are currently investigated through studies of
heterogeneous reactions, such as esterification and
substitution reactions. This may be the main signifi-
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Appendix I. Extraction Data.
Extraction equilibrium constant Ke of alkali metal
salts in the presence of crown ethers for the system
H 7 O-C HiC l-, at 20 0 C.
Sodium picrate extracted by bis-benzo-15•-crown-5I.
series - 89
Potassium picrate extracted by bis-benzo-15-II.
crown-5 series----------------- 90
Rubidium picrate extracted by bis-benzo-15-III.
crown-5 series-------------------- 92
Cesium picrate extracted by bis-benzo-15-crown--5IV*
:: e vi e s--------------------- 94
Sodium picrate extracted by bis-benzo-18-crown-6V.
series---------------------- 95
Potassium picrate extracted by bis-benzo-18-VI.
crown-6 series------------------ 96
Rubidium picrate extracted by bis-benzo-18-VII
crown-6 series----------------- 97
Cesium picrate extracted by bis-benzo-18-crown-6VIII.
series---------------------- 99
89
I. Extraction equilibrium constant Ke of sodium picrate
in the presence of bis-benzo-15-crown-5 series for





















II. Extraction equilibrium constant Ke of potassium
picrate in the presence of bis-benzo-15-crown-5
series for the system H2O-CHC1., at 20°C.
KCrown ether (Cr) ex m0 [KPi) a
(X10 4M 2)











































III. Extraction equilibrum constant ke of rubidium picrate
in the presence of bis-benzo-15-crown-5 series for


















































IV. Extraction equilibrium constant K e of cesium picrate
in the presence of bis--benzo-15-crown-5 series for















V. Extraction equilibrium constant Ke of sodium picrate
in the presence of bis-benzo-18-crown-6 series for
the system H2O-CHC13 at 20°C.
Crown ether [Cr]0 K[NaPi] m
(X104)M (X103 )M (X10-3M-2)(nm)
Bis-2-benzo- 6.3 2.5 362 2.2
18-crown-6 3.2 2.5 362 2.2
1.6 2.5 362 1.9
Bis-3-benzo- 6.3 2.5 362 1.6
18-crown-6 3.2 2.5 362 1.6
1.6 2,5 362 1.6
Bis-4-benzo- 6.3 2.5 362 1.7
18--crown-6 3.2 2.5 362 1.8
1.6 2.5 362 1.9




VI. Extraction equilibrium constant Ke of potassium
picrate in the presence of bis-benzo-18-crown-6
series for the system H2O-CHCl3 at 20 C.
Ke
























VII. Extraction equilibrium constant Ke of rubidium
picrate in the presence of bis-benzo-18-crown-6
series for the system H20-CHC13 at 20°C.
Ke






















































VIII. Extraction equilibrium constant Ke of cesium
picrate in the presence of bis-benzo--18-crown-6
series for the system H2O-CHC13 at 20 0 C
Ke






























Appendix II. List of Spectra
102NMR spectrum of bis-3-benzo-12-crown-4 in CDC13I.
103NMR spectrum of his-4-benzo-12-crown-4 in CDC13II.
III. 104NMR spectrum of bis-l-benzo-15-crown-5 in CDC13
IV. NMR spectrum of bis-2-benzo-15-crown-5 in CDC13 105
V. .NMR spectrum of bis-3-benzo-15-crown-5 in CDC13 106
VI. NMR spectrum of bi s-4-benzo-15-crown-5 in CDC 13 107
VII. NMR spectrum of bi-2-benzo-18-crown-6 in CDC13 108
NMR spectrum of bis-3-benzo-18-crown-6 in CDC13VIII. 109
NMR spectrum of bis-4-benzo-18-crown-6 in CDC13IX. 110
102
T. nmr spectrum of bis-3-benzo-12-crown-4- in CDC13
3
8 7 6 5 4 3 2 1 pm
103
II. nmr spectrum of bis-4-benzo-12-crown-4 in CDC13
9 8 7 6 5 4 3 2 1 pm
104
III. nmr spectrum of bis-l-benzo-15-crown-5 in CDC13
9 8 7 6 5 4 3 2 1 pm
105
CH2PCH2CH2OCH2
IV. nmr spectrum of bis-2-benzo-15-crown-5 in LULl3
0 8 7 6 5 4 3 2 1 PPm
106
CH2OCH2CH2OCH2CH2OCH2
V.nmr spectrum of bis-3-benzo-15-crown-5 in CDC13




VI.nmr spectrum of bis-4-benzo-15-crown-5 in CDC13




VII.nmr spectrum of bis-2-benzo-18-crown-6 in CDC13
9 8





CIII.nmr spectrum of bis-3-benzo-18-crown-6 in CDC13
9 8 7 6 5 4 3 2 1 PPM
110
CH2OCH2CH2OCH2CH2OCH2CH2OCH2
IX. nmr spectrum of bis-4-benzo-18-crown-6 in CDCI3
9 8 7 6 5 4 3
2 1 PPM


